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Abstract 
Aiming at the problem of blind source separation of satellite-based AIS (Automatic Identification System) processing, 
an algorithm based on counteraction theory of antenna space was proposed to separate the mixing signals. Firstly we 
make use of the difference of attenuate and delay of the signal arriving at the antennas, and then add the signal to 
other channel signal for counteraction after phase shift, which takes the least modulus norm as the assessment rule. 
We search the phase angle from the whole filed. The algorithm can recover the signal wave directly, the efficiency of 
the algorithm is proved in theory and computer simulations. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology. 
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1. Introduction 
Aiming at the problem of blind source separation of satellite-based AIS (Automatic Identification 
System) signal processing, a lot of research is taken by national and foreign scholars. AIS signals use 
Gaussian minimum shift keying (GMSK) modulation, which is discussed in detail in [1-2]. We have two 
means to deal with(separate) this type signals, one is recovering respective information codes from 
received signals directly, the other is yielding each source signal wave from the mixing signals. 
There were some methods for recovering signals wave, J.F.Cardoso[3] proposed a high-order statistic
joint approximative diagonalization of eigematrices (JADE) based on four-order cumulant, which can 
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separate many types mixing signals, but the separation result will be inacceptable along with relativity of 
source signals. In reference [4-7], independent component analysis (ICA) was proposed to separate 
mixing signals, which need the source signals independence, and the source signals comprise no more 
than one gauss signal or sub-gauss signal. In reference [8], constant modulus algorithm (CMA) was 
proposed by Agee. It makes full use of constant modulus character yielding the biggest signal, and then 
counteracting the signal from mixing signals, repetition was done until ending. CMA also has the 
antinomy between convergence speed and stabilization. Aiming at the problem, an algorithm based on 
counteraction theory of antenna space was proposed, it can recover the signal wave directly, the 
efficiency of the algorithm is proved by computer simulations. 
2. Data Model 
The mixture of N narrowband source signals on M channels by linear delayed mixtures can be 
formulated  
1
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Where ikτ is the propagation time delay from thk source signal to thi sensor, ikb is the attenuation during  
propagation from thk source signal to thi sensor, respectively, n ( )i t is assumed to be independent White 
Gaussian noise signal with a mean of zero and a variance of 2δ . Let x ( )i t% , s ( )i t% and n ( )i t% be the analytic 
representations of x ( )i t , s ( )i t and n ( )i t respectively.
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Equation(2) can be given by the following matrix form 
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Where [ ]1 2( ) s ( ), s ( ) ....s ( ) TNt t t t=s% % % % , [ ]1 2( ) x ( ) , x ( ) ....x ( ) TMt t t t=x% % % % , 1 2( ) [n ( ), n ( ),...n ( )]TMt t t t=n% % % %
and [ ,... ..., ]k= 1 NA a a a is a M×N complex valued mixing matrix whose columns 
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π τ π τ π τ− − −=a are related to the time delay corresponding to the path and 
the carrier frequency of thk source.  
3.  Counteraction Theory of Antenna Space 
We take two-antenna as example for mathematical analysis. Firstly, we provide the relation of two 
antennas to space location of incident signal. It is depicted in Fig.1. 
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Fig. 1 Space location of incident signal and antennas 
Where 1, 2C C denote two dipole antennas, the projection orientation of its tie line is X-axis. The distance 
between the two antennas is D , the satellite and apparent horizon is H  in height. The radius of the Earth 
is R , and the radial distance from nadir looking to a ship is defines as the ground range distance r . By
using geometry, the ship look angle can be expressed asθ , and h is the uprightness distance between the 
ship and the satellite, the wave path-difference of the signal arriving at the two antennas can be expressed 
as
( ) ( ) ( ) ( )
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2 2 2 2
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The corresponding phase shift is
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                                                (5) 
Firstly, we supposed that the signal received by dipole 1C  is 1x , the signal received by dipole 2C  is 2x ,
and then add the signal 1x to other channel signal 2x for counteraction after phase shift. When taking no 
account of antenna gain and propagation attenuation, the polar coordinate in bounds is defined as ( ),r θ ,
which satisfies the following equation   
( ) ( )( )( )0 0 2, , 101 2 10j r re ϕ θ ϕ θ μΔ −Δ −− =                                                                                                    (6) 
But when taking account of propagation attenuation and antenna gain, we will take an actual scene as an 
example to interpret this case. Firstly, we present the value of parameter, 0.7D m= , 600H km= , By 
using geometry, the angular field of view of the satellite isΘ ,The maximal horizontal distance between 
sub-stellar point and Field of View is ( )cos 2Rϒ = Θ , the antenna gain from wave path-difference can be 
ignored because of the equal angle, and the angle is defined between two dipole and incident signal. 
Therefore, we compensate the phase shift from wave path-difference firstly, and then add the two signals 
from two antennas, which can yield a null at ( ),r θ .Taking 2r = ϒ  and 0θ =  as an example, by using 
geometry, the wave path-difference is 0Δ ,the corresponding phase difference is 0 02ϕ π λ= Δ . We set the 
parameters that the signal received by dipole 1C  is 1s , the signal received by dipole 2C  is 2s , and then 
add the signal 1s to other channel signal 2s for counteraction after phase shift, the result becomes 
( ) ( ) ( ) ( )( )1 2 0 1 1 0 1 0exp exp 2 exp 1 exp 2s s s j s s j j s jϕ π λ ϕ π λ⎡ ⎤= − − = − Δ − = − Δ −Δ⎣ ⎦            (7)  
If adding all signals from each ship in FOV adopting upper method, we need taking account 
of propagation attenuation and antenna gain when calculating the directional diagram. And we need 
consider polarization matching between transmittable signal and receiving antenna at the same time. The 
radial angle between propagation orientation and emission antenna is ( )1tanE r hθ −= . And the radial 
angle between propagation orientation and receiving antenna is 
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The propagation distance is 2 2d r h= + . And the angle between direction of polarization of 
transmittable signal and direction of polarization of receiving antenna is 
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So the antenna gain at ( ),r θ of single channel is decided by upper four parameters, it can be expressed as  
( ) ( ) ( ) 2cos /E R pG g g dθ θ θ∝ � � , where ( )g θ  is the deviation gain of radial direction θ , and 
emission and receiving antenna are half-wave dipoles, that ( ) ( )sin 0 360g θ θ θ= ≤ < o , therefore  
( ) ( ) ( ) 21sin sin cosE R pG dθ θ θ∝ � � �                                                                                              (10)  
Therefore, the gain of result signal, at ( ),r θ , satisfies  
( ) ( ) ( ) ( ){ }021sin sin cos 1 exp 2E R pG jdθ θ θ π λ∝ − Δ −Δ� � � �                                                     (11)  
4. Simulation Experiments and Performance Analysis 
In the simulation, there all-around receiving antennas are set as L types, the tie line of mid-antenna 
( No.0) and the second antenna (No. 1) parallels the track of satellite, and third antenna (No.2). We 
supposed that the antennas receive two signals of overlapping in time-frequency domain. SNR is 10 dB. 
The separation result of No. 0 and No.1 is shown in Fig. 2(a) (b).  
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Fig. 2   (a) Counteracting left signal (b) Counteracting right signal (c) Counteracting upper signal (d) Counteracting lower signal 
We also can make use of No. 0 and No.2 in counteracting one single signal every time, The separation 
result of airspace is shown in Fig.2(c) (d). If we supposed that the antennas receive three signals of 
overlapping each other in time-frequency domain. We can't make use of the upper method restraining two 
signals and yielding one single signal, so three antennas must be employed in processing the signals. The 
separation result is shown in Fig.3(a)(b). 
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Fig. 3 (a) Counteracting two signals in the second quadrant. (b) Counteracting one in the second and fourth quadrant  (c)BER 
comparisons with other algorithms    (d) Performance comparisons with other algorithms 
In order to evaluate the separation result, separation performance is evaluated in terms of the average 
SIR. The separation performance is better along with increasing SIR. Fig 3(c) shows when SNR is from 
0dB to 6dB. the BER of the proposed algorithm is lower. When the SNR is below 4dB, and the BER 
reduce 50%. By varying the SNR from 0dB to 10dB, Fig.3(d) illustrates the SIR performance of each 
algorithm versus SNR. The proposed algorithm achieved more than 3.5dB improvement over the CMA 
when the SNR is above 5dB. It can achieve more than 2dB improvement over the Fast ICA when the 
SNR is below 4.5dB.  
5. Conclusion 
This paper proposes a novel algorithm to separate the mixing signals based on counteraction theory of 
antenna space. We make use of the difference of attenuate and delay of the signal arriving at the antennas 
It can recover the signal wave directly. Simulation results indicate that the proposed algorithm has lower 
BER and separates the source signals with higher SIR than the conventional algorithms in the case of 
same condition.  
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